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ANNUAL TECHNICAL SUMMARY REPORT
Nonr 266(93)

INTRODUCTION

This report summarizes the significant technical
results obtained under contract Nonr 266(93) between
the Plasma Physics Laboratory of Columbia University
and the Office of Naval Research in the last year. The
material contained herein does not constitute a tech-
nical or final report of this project. A technical
report (Columbia University Plasma Laboratory Report
No. 8) has been distributed on the work performed in
the first eight months of this project, and covers the
theory and experiments of the gaseous electronics por-
tion of the proposed Balmer-g atomic hydrogen laser
project. The details and results of this work will not

be repeated here.

The report is divided into two secticns:

1. In the first section. certain further measure-
ments upon the Ne-H2 mixture are elaborated
and refined, and further problems relating to
the operation of a Ne--H2 laser are discussed.
The course of future investigation is outlined.

2. In the second part, we present some preliminary
results of a series of experiments aesigned to

study, demonstrate, and utilize the effect of




high power optical radiation upon an ensemble
of metastables which may be contained in an
operating laser. We report the details of a
successful attempt to cross moedulate the laser
output with an external incoherent optical

source and point out its implicatiens,




I. Ne—H2 LASER CONSIDERATIONS AND MEASUREMENTS

In this section we shall summarize the results of
the gaseous electronics part of the neon-hydrogen in-
vestigation. We shall describe only the new results and
techniques deveioped since the writing of the Columbia
University Plasma Laboratory Report No. 8. "The De-Acti-

vation of Neon Metastables by H The reader is referred

-
to this1 for all details pertaining to experimental or
theoretical techniques.

The de-activation of metastables by impurity gases
may occur through several processes: the most common of
these is the ionization of the impurity whenever the energy
of the metastable exceeds the ionized impurity state in
question ({(Penning Effect). In our work we may measure the
lifetime of the metastables., their absolute concentration,
and the ionizaticn level in the afterglow plasma which fol-
lows a weak primary discharge in the mixture. This permits
a separation of the total Xe*(metastable)—ﬁz de—activation
cross section from the partial ionizing cross section.
Total cross sections for de-activation at BOOOK gas tem-
perature in a low-pressure, low eleciron-density afterglow
(p~1 mm Hg, n_$ 1010 cm—3) are given in abbreviated form
in Table I. We wish to emphasize two points about these
results with regard to a possible Neon-Hydrogen laser. oper-

ating at the 6563 A wavelength:

1. To form the n = 3 excited state of atomic

hydrogen, the H2 molecule must be dissociated:

}\’e*é-Hz-)Ne-é-H«}-H’. (1)




TABLE 1

Total metastable-

Reaction destruction ¢ {(cm“)
xe*(‘?pz! 18;) + H, 0.7 x 10°1°
Ne*("P,. 15.) + H, (T = 650°K) 2.5 x 107 °°
Ne* (°p , 15.) + D 1.1 x 102

5 2
Ne¥* + CH, 2.5 x 10 °
Ne* 4 Nﬁs 8 x 10—15
He*{ssl) + H, 2.5 x 10 1©




¥hen the excited nydrogen atom detaches, it will emit
doppler-broadened radiation after a time considerably
greater than that required to escape from the force
field of the excited collision complex (-'le—13 sec.).
We therefore expect the Balmer« (H« ) radiation to
be characteristic of an essentially unperturbed moving
radiator. Since hydrogen is not massive, it is essen-
tial that the energy defect in the dissociatiocn re-
action be $ kT to iimit the doppler bLroadening; this
will also insure that the probability of the energy

transfer is appreciable., The energy surplus in creating

H# H{n = 3} + ¥¢ is indeced guite small in Nex - 5,
or D2 collisions, and H« fluorescent light was ob-

served to follow the decay of the Neon metastable den-
sity in the early (t g 100/4, sec.) afterglow. No other
spectral line radiations were observed at this time,
although it is clear that L&, Lﬁ must be emitted if
Ha is,

The hydrogen bonding energy does not vary greatly
from one molecule to another and hence one might expect
a similar dissociative-transfer to occur for other
simple gaseous hydrogenic molecules such as CH4 or EHB.
Exactly the same effects were observed: the neon meta-
stables were rapidly gquenched by the impurity gas, while
Hx 1light was emitted. Experiments were conducted on a
single-shot pulsed basis, since it was by n< means evi-
dent that CH4 or NHB will be stable against reaction
in a gaseous discharge. Since the hydrogen bonding

energy of these molecules is not appreciably different

from that of Hz, the free excited hydrogen atom ejected

(44}




from CH4 or XHS should be moving much more slowly
- than in the case when H, was the parent. The oscil-
lation threshold condition of the He laser would

then be less rigorous.

2. Given a suitably large cross section for de-acti-
vation, one must next inguire into the fraction of
such collisions which yield an excited hydrogen atom
in the n =3 state. Providing the energy balance
of the reaction is good. serious competition comes
from ionization only, since icnization releases a
free electron which may carry off the internal energy
defect with much higher probability than a heavy par-
ticle. The Helium-Hydrogen collision studied above
is an example. The triplet metastable energy of

. Helium is 19.8 ev which may excite many modes in Ho;
however, we expect ionization (H; + e ) to dominate.
Nc H4 radiation was observed in the afterglow of

a He-H2 mixture as might be anticipated.

Initially our measurements of the ionization cross
section (cVi) for the Ne* - HZ collision were only partly
successful in view of the rather low eleciron densities to
be determined. From Figure 1, one observes that the energy

of the neon metastable (16.6 ev) is sufficient to form only

H; + e: of all possible hydrogenic ionigations. Fbrmation¢
of NeH has not been detected by others™ ; generation of HS'
does not create additional electrons. When the gas dis-
charge is switched off, the electron density may be shown
. to decrease according to
N A~ N r('; nH
. ne (t) = e_ t/{e {neo * \mxgeii;efgn ] - t%_i-b—mje_ tﬂz" 2)




where neo‘ N are the measured eleciron and metasiable
densities at t = 0; € .7 . are the measured decay con-
stants of the diffusing electrons and metastables. and

Vi is the ionization rate. The primary interprctat:ionsi
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relatively uncertain value of the neon ling oscillator
strengths. We found that the ionizai:on rats in the
Ne* - H, collision was much smaller fthan in {he exampis
of the Penning reaction (Ne* - Aj. or He* - H_ for that
matter.

Recently. we improved the precision ¢i inis experi-
ment considerably by measuring n_ with the plasma-post
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resulting increase of ¢

much more sensitive deterr:nation of n . A microwave
frequency of 3.5 Gc  in standard C-band waveguide was
used, The graph (Figure 2) shows the effect of io

of H, by Ne* in the early afterglow., The H« intensity

or the metastable self-absorption of neon probing radiation

- .0 . C .
at 5888A provided separately determined exponential meta-

. . . . o~
stable decay rates ({7 ) in good agreement: vp ¥as deter-
mined by examining the slope of the np(t} graph at a time
when few metastables were present. The . obtaiaed from

this experiment was still, however, in ver: good agreement

with that obtained many months earlier in different appar. “is
1 -15 2
.0 = 0.6 x 10 m .

and reported previocusly N

)




Equatioh (1) might be or
cation, since it assumes that the electron decav rate is
a constant in the early afterglow. This was, however,
found to be an accurate approximation for pure neon after-
glow when ne < 1010/00, and we are justified in using
it here, providing the cooling rate of electrons is not

appreciably changed by addition of H For the pure gas,

the time constant for elastic coolingzof warm electrons

at 1 mm neon pressure is ~ BOQ/bsec, and hence one ex-
pects the electron temperature in the early (t £ 100 sec)
afterglow to be relatively constant. Addition of 1% H

2
may be shown to increase the electron cooling rate ~ 10%.

4
However, we also note that the electrons liberated by the
ionizing reaction are energetic (~ 1 ev), and that these
would tend to maintain the early afterglow isothermal with
a relatively constant diffusion frequency.

The conc¢lusions of this experimental seriesS are there-
fore that (1) the de-activation rate of Ne metastables by
H, is appreciable, (2) ionization effects will not offer
serious competition to modes o0f de-activation involving
neutral particles, and (3) of these, the mode of decay re-
sulting on one excited hydrogen atom in the n = 3 Bohr
state would be expected to dominate, since it offers the
best energy balance. Some evidence for this is provided
by the measurement of the reaction rate at elevated tempera-
‘tures. The rapid, observed increase of ¢ (Table I) implies

an activation energy which is characteristic of nearly-reso-

nant resctions, and which provides further support for the




g o

secondary importance of g 5 We might therefors expect
that operating the Ner = Kz system at A~ 200°C would
improve the fraction transferred into the channel yielding
the H-« light, As a further technical application, we

expect a gaseous discharge in a Ne - H, 1% mixture {(for

example) fo be a reliable source of ultiaviolet Lyman dnﬂ
uznd of atomic hydrogen.

Evidence was presented that the H& output of low
intensity gasecus discharges (£30 ma/cmz) in Ne - Hz
mixtures produced an excessive amount of H« compared with

Hp y Ir pure neon, the metastable density was Ob-
)@) 3 etc. ) 11 3 11 3
served to saturate with Nm:S 2 x 1077 /em” as ne—¥10 Jem” .

Addition of H2 to such a discharge caused an expected de-
crease in Ne* density, but simultaneously relaxed the satur-
ation effect. This may be understood if we hypothesize that
the hot free electrons in the discharge tube remove the meta—

stables by a reaction of the form

Ne*x + e (slow)=>» Ne + e (fast) . (3)

Let o(,mneNm be the rate of metastable creation by electron
bombardment under the given discharge conditions including
cascading from upper states, and M {Dm/hi" + a(EnE + O(H(Hz)]
represent the loss rate of metastables by diffusion, electron
collisions, and contact with the HZ impurity. In the pure
gas saturation obtains when e n > Dm/Ai, where Am is

the diffusion length of the container, since the limiting
metastable density becomes independent of n_. However,

when the impurity H, is introduced, saturation results at

2




g

the higher electron concentration

. - 2
an > D /A, + el (H) . (4)

Addition of trace amounts of HZ does not alter the mean
electron ehergy measurably, but has been found (by a probe
study) to deplete the high energy distribution (Eeﬁ', 6 ev).
This is quite reasonable in view of the lower ionization
potential of Hz (15.6 év) and its many levels which may
be excited when the electronic energy < 16.6 ev. On the
other hand, we also observe that removing neon metastables
will reducée thée probability of ionization of neon by cumu-
lative exXcitation. That is, instead of volume ionization
via

Ne + e (> 21.6 ev) > Ne' + 2e (3)

we have as well Ne* + e (> 5 ev) => Ne' + 2e . Thus,

the removal of metastables should alter the ionizing ef-

ficiency of electrons in the discharge in a complex manner,
A consequence of the above is that we expect the de-

activation rate of neon metastables by H2 to maximize.

Were saturation not relieved by addition of H the de-

activation rate would be otherwise constant fir a(H(Hz)gz
DmAAi: In Figure 3 we see that such a maximization does
occur when the D2 concentra.ion {(used here to reduce the
Ho doppler broadening) becomes ~ 1% of the neon. If the
gas temperature of the mixture were to change, thereby

altering the de=-activation cross section, one would expect

a corresponding shift in the maximum to a lower impurity
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concentration. Fortuhately, for a laser study, the con-
centration of Hz OT'SQ at which this occurs is not high,
and the problem n-.=ociated with a large quantity of dis-
sociated hydrogen which would self-absorb the L& trans=
ition needed to empty the lower laser level (n = 2) does
not arise. In Appendix I of Ref, (1), it was shown that
the resonance-radiation trapping increase of lifetime of
the n = 2 state would not be appreciable for generation
rate of H of ¢ 1617/cm3wsec., (3 x 1013 cmns of H toler=
able, or ~ 5% dissociation).

Further experimentation strongly reéecommends looking
for oscillation at 6563A in the discharge afterglow fol=
lowing a pulse ~ 50 in’_a’/cm2 X 50)a:§ec. First, it was
found that the H’%ﬁ light output grows continually during

the léngth of the pulse, whereas the neon metastable den-

_ - x — a _

sity maximizes at ~ ﬁe)ﬂ/SQCs Thus the «~lectronic bom-

bardment in the discharge is causing (H) to accumulate
rapidly and, since the recombination time of H via the
wails is at least ﬁ’ZGG‘/bsecé, this atomic concentration
will persist in the afterglow whereas the metastables will
de-activate in a time only w~ Scyﬁfsec. following termina-
tion of the breakdown pulse. The creation of H by meta-
stable-de-activation alone is not serious in the afterglow;
however, electronic H2=dissociation in an intense, con-
tinuous discharge would be detrimental to operation of the
H « laser. (In such discharges it is not unusual to find
30% of the Hz dissociated.s) Secondly, both the n = 3 and
n = 2 states are radiatively connected to the ground state,

which implies that in the presence ¢f a plasma of high energy




electrons ng/n2 will approach a Boltzmann ratio. This
follows because the electroni¢ excitation rate depends
to first order upon the dipole matrix element squared
(Born Approximation) as does the radiative tramsition
probability. Under these circumstances; the presence
of free energetic electrons will tend to undo the popu-
lation inversion necessary for oscillation.

Turning our attention to the early afterglow where
the above factors will notﬂﬁe important; one calculates
5/2‘9 2 293/2 hydrogen transition,
assuming a population in the lower state ~ 10% of n

that for the 3 zn
) 7 . 3 I 3’ _
that about 2 x 10 particles/c¢m must be accéuamulated in

the ESXZ level in a laser tube ~ 200 cm long with end

losses of 1%. The 2 295/2 state will probably not
receive more than the statistical weight 1/3 o0f all the
particles populating n,, which, because of ionizatien
and competing reactions, could not itself gather more

than 3 of the total Ne* - H2 de=activation. These
conditions therefore require a Ne* de-activation rate

2 6 % 101$/cm3;secw, which appears to be within reach

even after diffusion losses and the lower metastable popu-
lation in the afterglow are permitted. We are therefore
presently assembling a 3.6 meter afterglow=type laser tube
which may be pulsed with the quoted current specifications
and which may be heated externally. Gas mixtures of Ne + D,

2
Cﬁéj and/or RHB will be studied,

The H« "doublet"” is actually composed of several
overliapping transitions (Figure 4). Depopulation of the

h3 state will cadse an accumulation of particles in the
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atomlc hyarogen metastable level 2 281/2, which is sepa=-

rated from the peak of the desired lasing transition by

about three dopplex line widths. It is therefore con-

ceivable that the Hx* wauid?fntrodﬁce-eﬁough~1oss,iﬁtp-

a very long laser tube to:- prevent oscillation at the
2 - - . - —
3 D 5/2 -? 2 Pg/g, wavelength, The other 722,;§ta§§§g

2 91/2 3/2 decay radiatively in a time - 0 “sec.

Given the photon cross section: of the 2 23 fz'—’ 3 2P3/2
transition of Aflﬁ_lz ézj ‘and: that this absorpt;on at the
2. =2
. - - = Cis A T0 - the
peak of the .3 31/2 2. P3/2 transition isA~ 10 ° of the

maximun (écaéérvatzvezy two- doppler width separations for
-gaussian llnes ) then the laser photom: mean: free -path is
11 A~ 19 /RVﬁ Where RﬁS‘ is the meiastable denszty.i
Ibr the absorption to - be ‘0.1% “over a length L:ESGG -Cm,

we Tequire: L/A 4 1{}

(Kgsvjs".l9~£§m,
A ¢al¢ulation is therefore in -order to estlmate the: lifes=

time of the 2 S 1/2 ,,metastaéles in theﬁgagQXF%iie;gigg;

In the afterglow, the metastable hydrogen 2S5 .atoms
move in an electri¢ field of thermal free -electrong and
jons. Bethe and Salpeter  give the lifetime of the 28
state perturbed by an electric field as (EfEO}bg t é
E = 475 v/cm and t - lifetime of the 2p state :
(1.6 x 1& sec. ).

* . . i .
The hyperfine splitting even in thé n = 2 states is
~ 50 mc, and may be neglected as a line=broadening

mechanism. (Ref. 7, p. 110)
13




We estimate the transition probability Wog = {E/Eo) g,@

from charge collisions as follows. The Qréit of the charge

passing theé neutral metastable will be éssentially a straight

line with impact parameter b; we define f2’= 22 + b2 and
take the instantaneous field strength at the 2S5 metaStable

. , 2 i . - i
as & &/r”. The total probability for 2S5 =2>1IS transition

during the ¢o6llision is

<0

ﬁzs(b) = 5zs*t b)dt = (6)
changing the time variable with 2z = vi,
o _
2
W 2 ' e Ho €
2 VYL &faH? 2 2w |
o ~ee YT TR o

‘Since the collisions occur in a space-charge neutralized

plasma, wé may introduce an upper bound to the impact para-

meter, The latter is ~ 10 -3

the Debye radius. cm. and is

¢learly much larger than the minimum impact parameter which

should bée roughly of atomic scale {at this distance the

atomic charge cloud screens the simple coulomb potential

with a polarization correction). The fraction of electrons

havir,_ impact parameter b 1in the range db is zbdb/biax-
Hence, b__
ax 2
P 5
<% > = q "o f bab T Tap” . (8)
¥y5? 3 72 2
_ b E vb .
max b_ o max min
14




The total number of electrons hitting a platelet of area

2 2
q'bmax/sec. is neTrbmax v, so the transition proba-
bility per second of a field-induced 2S-» 1S transi-
tion is
2 2
¥as & f_f_fs : (9)
/W 2
2p E° b
0O min

A typical average electronic energy in the early after-

glow (n_ ~ 1010 cm-a) would be SKT , 1
e 2 10

closest such a thermal electron may approach the atom

is a distance 'V‘*/Zd 3mMKT ~ 32, which is rather larger

than the hydrogen Bohr radius ( ~ 1/2 R). We compute

ev, The

wzs/w2p # 1 for these conditions, even neglecting ion
or neutral particle collisions, The density of the 2S
metastables must therefore be no greater than 107/cm3,
and clearly presents no capability for absorbing the laser
radiation, The calculation suggests that all levels in
the n = 3,8 or n = 2 states are stark-mixed even in
this low density afterglow. A major loss to the n = 3
state is therefore the emission of L/B, which should
(for negligible self-absorption) carry off almost 2/3

of the particles from this state,

15



i1, OPTIGéu Pﬁ%PihG OF Ne* AXD

ITS GAS LASER z;ﬁ?g:cgfmgg

{with B. Pariser)

A P

For gaseous discharges or afterglows occurring in
10w pressSure neon we have demcnstrated the existence of
_ a sizeable neon metastable 18 { P } population by opti~
7cal,absorptéeg teghnzques, Thzs metastable state occurs
in the 152232 295 35 configuration of neon (Figure 1),
two sub-levels of which may decay radiatively, emitfting
self-absorbed ultraviolet radiation which should have a
net iiiétimég of;§L3§ sec. in a container of the type

wé useé. The lowest state is properly métastable, with

a dlifﬁSlOB Iifetime ~ 389}a,sec in pure Ne gas at

300° K. 1mm Eg pressure. The populationg of the next two

Jovwer levels in thiS configuration are also appreciable

; 5?; {~ 10% of 155} owing to metastable-néutral collisions
= }%i which -exchange an eneérgy ~ K fgés Tequired for exci=

tation of thesé states from the lqs- During and after
B the gaseous discharge, particles accumulate in 153 by

- . .. .5, . __— ;
cascade via the 2p J3p states. The Laporte rule

{parity change) forbids direct decay from the latter con-
figuration 1o thé ground state {2p6}§

In the operation of the typical He-Ne gas laser, the
particles are deposited in the zps 3p states by transi-
tions from the 2;5 4S8 or 58 1levels. 1t is therefore
clear that the excitation of the lower laser level must
pass away via the metastable eqtlenéckg and that accumu-

lation of particles in the Epa 35 and 3p states will

P —— S —




limit the power output of the gaseous laser. Our object
is to show how this problem may be handled radiatively,
and how an external lamp may be used to control laser
power output and possibly to increase it. For simplicity,
the calculations and initial experimental work will be
performed for the afterglow-type plasma, where the elec-
tronic energy is A~ k Tgas and the fraction of ioniza-
tion is sufficiently low that electron collisional effects
will be negligible.

To begin, suppose we attempt to conduct the following
experiment (Figure 5). 1Imagine an afterglow plasma con-
tained in a tube placed on the axis of an optical cavity.
Through this tube may be passed an axial beam of 64028
(IS5 ~ 2p9) doppler-broadened probing neon radiation ob-
tained from a capillary lamp. Owing to the 1S. absorp-

5

tion, this beam will be attenuated by the decaying 155

concentration in the tube. In the course of the gradually
decreasing afterglow, the ensemble of metastable atoms

will be exposed to the radiation of a Xe flash tube, which
provides a pulse of light having a radiation temperature

2 SOOOOK black-body equivalent in the red-orange spectral
region for ~ 50 - logﬂasec. At the time of the flash, wg
have determined that the contents of the plasma are ~ 10

10 11 10

electrons/cc, ~ 10 - 10 155 states/cc. and X 10 1S

or 1S3 states/cc. The decay rates oi these states may,
of course, be determined in the absence of the flash, and

4

comprise the rate of de-activation of each 2p5 3S con-
figurational state from all processes in the afterglow,
All other upper neon levels will be empty, since these

should depopulate in a time not exceeding the cooling rate

17



of the hot electrons ( ~ 10 sec. for 1 mm Ne). No
ultraviolet radiation having A < 30003 will be present
inside the neon tube when the Xe lamp is flashed; further-
hore, there will be available to us Xe-lamp filters in

the visible and infrared of the following type:

Type Pass-band

IR transmitting gelatin 2p > 2> T
IR filtering glass 3 m< A £ .7/.0

gelatin .3/u< 1< .§/0

The energy in a given spectral band at the discharge tube

location may be determined in two steps:

1, Calibration of the Xe flash lamp outside the
cavity against a corrected Tungsten strip
filament standard lamp, to yield the surface
brightness of the flash,

2. Comparison of the radiation sampled inside
the (unfilled) discharge tube from the Xe
lamp against the radiation received at the
lamp's surface, the apparatus having been
assembled in the cavity. The light may be
conductzd from the cavity to the photocell
via a fibre-optic light pipe and a reflecting

prism.

In Figure 6, we see the influence of the Xe flash
upon the metastable 185 concentration, Following the
flash, there is a quenching ~ 25%. While the flash is

18
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the measured oscillator strengths of the neon #ransitions.
The Bij ar2 the induced emission/absorption constants
and the Uij(iiij) is the radiant energy density at the
transition frequency provided by the pumping lamp. The
Ci are the non-radiative decay rates, which we may specify
from independent experimental observations; they are, for
exémpleé 0(135) 7= (3§§jﬂ;sec.?flz C(1§ } = ‘1IQf0sec,),
0(153) = (ZSG/w-sec‘) , and C{lsz} (34/u:sec ) ete.
The urknowns are the populations of these levels, given that
at t = 0 when the flash is switched on, there is one par-
ticle in the 185(295 3S) state and zero in the rest. 1In
Figures 7 and B, we show results of the computer solutions
for a square light pulse lastlng 18?/»580 corresponding to
a radiation field of ~ 3790 K. Although tha problem hsas
been counsiderably siuplified, we believe the essential
point has been made tnat a very modest illumination can
appreciably alter fhe population and decay rate of the IS
state. The 2p9(2p 2p) level, in particular, receives
~ 2% of the 1o population (Figure 9). Its density then
becomes lﬁgjcc; while that of the 2p4 should be suf-
ficient to switch off the lasing transition at 1,15zuaor
0.633/» if the gas discharge tube be operated as a laser.
The alterations of level population appear o occur irregu-
lzrly in Figures 7, 8 and 9, owing to the superposition of
the fifteen separate decay constants of the computer solu-
tion,

The above effecis may be demonstrated with the red
iaSer (.632%}&, 2§5 58 '§-2p53p{2§4) transition as well

in a short illuminated section of the classic He-Ne laser,
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Upon being exposed to the Xe flash, it was observed that
the light output of the laser was appreciably cross-modu-
lated by the flash intensity (Figure 10). When ths laser
was oscillating vigorously and the flash intensity was
comparatively weak, one observes that the cross-modulated
decrease in the red laser’s power is a faithful model of

the flash intensity, demonstrating a response time of the

order of a few microseconds. We believe that this quenching

is caused by an increase of particles in the 2p4(2953p}
state, since the lifetime of this level is very short and
consequently the laser power output {(which depends on the
population difference between the levels) follows the

flash irregularities. However, when the flash illumina-
tion is intense and/or the oscillator is operating feebly,
one finds a delayed and smoothed-over response on the cross-
modulated laser output. We propose that this is c¢aused by
the quenching of the Helium XS metastables by the radia-
tion, with a corresponding decrease of particle density in
the upper laser level. The 1S metastables can be pumped
via the 13 —blP transition in helium, which occurs in a
region of intense infrared ocutput ( Af%;a} cf the Xe flash,
It is therefore reasonable to expect a response time ~20 p
sec. for the variations of the upper laser level, since
this is populated by collisional activation with the long-
lived He 1S state. Experiments with filtered flash rad-
iation will hopefuily establish these tentative conclusions
in the near future, and observation of the side-radiated
6328A line from a He-Ne mixture will check the preceding

assertion,
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The success of the cross-modulation experiment sug-
gests a potentially more useful technique with the in-
frared 1;15/«6 (Z'psés '~;~2p53p} laser transition. If the
Xe flash radiation is filtered suci that power at wave-
lengths only in the range 5000 -~ 3000 & is available,
thgn the ISS Ne metastable level will be pumped te-the
2paép states preferentially with respect to the 2p339
levels. A radiative side decay may then occur to the
Zps 48 1levels, one of which is the upper l,iégélaser
level. It is then clear that the presence of the Xe

fiash radiation under these circumstances causes the in-

frared lasér to operate in a 'closed-cycle” mode, with an

improvement in output to be expected.
Experiments will also be conducted to ascertain the
utility of these cross-modulation schemes for eventual

commercial or military purposes. Since many gas laSers

depend upon metastable excitation mechanism for operation,
it is important to establish how the environment may affect

the metastable concentration., We have shown that optical

radiation may have an appreciable influence upon such a

laser,.
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Neon 1L.5mm + 2.8uH>
ne(t) : decay of electron density in aftergiow.
Nm(t) : decay of 3P2 neon metastable density.
12 Hg(t) : decay of 3a{6§63A«}¥¥uer¢§§8ace,
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DEACTIVATION RATE OF Ne*(3P,) IN D,
R.F. EXCITATION AT A CONSTANT LEVEL
NEON PRESSURE L.5mm
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